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Value of the data {#se0155}
=================

•The data provide the detailed derivation process of the equation of isostatic line of compression.•The data provide a formula to calculate the magnitude of the splitting force•The data provide a formula to determine the location of the resultant splitting force.•The data serves as a methodological benchmark for further attempts to improve the formula of the splitting force subjected to different geometric and boundary conditions.

Data {#sec0005}
====

•Considering the different assumptions based on the previous researches, A mathematic and explicit describing the equation of ILCs is established.•Splitting force formulae for the struts with different load area ratios are obtained.

Experimental design, materials and methods {#sec0010}
==========================================

Derivation of the equation of ILCs {#sec0015}
----------------------------------

This datea article refers to the research paper Splitting force of Bottle-shaped Struts with Different Height to Width Ratios (Yuan et al,in press) [@bib0005]. In the region of the struts under a concentrated load, the typical dispersion of compression is shown in [Fig. 1](#fig0005){ref-type="fig"}.Fig. 1Calculation model for ILC equations.Fig. 1

To calculate the transverse stresses, the CDM should be defined as the mathematical model of principal compressive-stress trajectories. Five geometric and physical boundary conditions of the ILCs of the CDM are given as follows.

\(1\) $y\left| {{}_{x = 0} = y_{i}\frac{a}{b}} \right)$; (2) $y\left| {{}_{x = b} = y_{i}} \right)$; (3) $\left( \frac{dy}{dx} \right|_{x = b} = 0$; (4)$\left( \frac{d^{2}y}{dx^{2}} \right|_{x = b} = 0$; (5)$\left( \frac{d^{2}y}{dx^{2}} \right|_{x = k \cdot b} = 0$

The equations of ILCs are assumed to have the polynomials form, given by$$y = \text{A}x^{4} + \text{B}x^{3} + \text{C}x^{2} + \text{D}x + \text{E}$$

The first and second derivative of Eq. [(1)](#eq0005){ref-type="disp-formula"} are$$\frac{dy}{dx} = 4\text{A}x^{3} + 3\text{B}x^{2} + 2\text{C}x + D$$$$\frac{d^{2}y}{dx^{2}} = 12\text{A}x^{2} + 6\text{B}x + 2\text{C}$$

For $\left( \frac{dy}{dx} \right|_{x = b} = 0$$$4\text{A}b^{3} + 3\text{B}b^{2} + 2\text{C}b + D = 0$$

For $y\left| {{}_{x = 0} = y_{i}\frac{a}{b}} \right)$$$E = y_{i} \cdot \frac{a}{b}$$

For $y\left| {{}_{x = b} = y_{i}} \right)$$$\text{A}b^{4} + \text{B}b^{3} + \text{C}b^{2} + Db + y_{i}\frac{a}{b} = y_{i}$$

For $\left( \frac{d^{2}y}{dx^{2}} \right|_{x = b} = 0$$$12\text{A}b^{2} + 6\text{B}b + 2\text{C} = 0$$

For $\left( \frac{d^{2}y}{dx^{2}} \right|_{x = k \cdot b} = 0$$$12\text{A}k^{2}b^{2} + 6\text{B}kb + 2\text{C} = 0$$

(4) × *b*− (6):$$3\text{A}b^{4} + 2\text{B}b^{3} + \text{C}b^{2} - y_{i}\frac{a}{b} = - y_{i}$$

(8) − (7):$$\begin{matrix}
\left. 12\text{A}\left( {k^{2} - 1} \right)b^{2} + 6\text{B}\left( {k - 1} \right)b = 0\rightarrow 12\text{A}\left( {k + 1} \right)b^{2} + 6\text{B}b = 0 \right. \\
{2\text{A}\left( {k + 1} \right)b + \text{B} = 0} \\
\end{matrix}$$

(7) × *b*^2^ − (9) × 2:$$\begin{matrix}
{6\text{A}b^{4} + 2\text{B}b^{3} + y_{i}\frac{2a}{b} = 2y_{i}} \\
{3\text{A}b^{4} + \text{B}b^{3} + y_{i}\frac{a}{b} = y_{i}} \\
\end{matrix}$$

By Substituting Eq. [(10)](#eq0050){ref-type="disp-formula"} into Eq. [(11)](#eq0055){ref-type="disp-formula"}:$$\begin{matrix}
{3\text{A}b^{4} - \text{2A}\left( {k + 1} \right)b \cdot b^{3} + y_{i}\frac{a}{b} = y_{i}} \\
{\text{A} = \left( {1 - \frac{a}{b}} \right)y_{i}/\left( {1 - 2k} \right)b^{4}} \\
\end{matrix}$$$$\text{B} = - 2\left( {1 - \frac{a}{b}} \right)y_{i} \cdot \left( {k + 1} \right) \cdot b/\left( {1 - 2k} \right)b^{4}$$

By Substituting Eqs. [(12)](#eq0060){ref-type="disp-formula"} and [(13)](#eq0065){ref-type="disp-formula"} into Eq. [(7)](#eq0035){ref-type="disp-formula"}:$$\begin{matrix}
{12 \times \frac{\left( {1 - a/b} \right)y_{i}}{\left( {1 - 2k} \right)b^{4}}b^{2} + 6 \times \frac{- 2\left( {1 - a/b} \right)y_{i}\left( {1 + k} \right)b}{\left( {1 - 2k} \right)b^{4}} \cdot b + 2C = 0} \\
{\text{C} = - \frac{6\left( {1 - \frac{a}{b}} \right)b^{2} \cdot y_{i} - 6\left( {1 - \frac{a}{b}} \right)b^{2} \cdot y_{i}\left( {1 + k} \right)}{\left( {1 - 2k} \right) \cdot b^{4}} = \frac{6\left( {1 - \frac{a}{b}} \right)b^{2} \cdot y_{i} \cdot k}{\left( {1 - 2k} \right) \cdot b^{4}}} \\
\end{matrix}$$

By Substituting Eqs. [(12)](#eq0060){ref-type="disp-formula"}, [(13)](#eq0065){ref-type="disp-formula"}, [(14)](#eq0070){ref-type="disp-formula"} into Eq. [(4)](#eq0020){ref-type="disp-formula"}:$$\begin{matrix}
{D = - \left( {4\text{A}b^{3} + 3\text{B}b^{2} + 2\text{C}b} \right)} \\
{= - \left( {4 \cdot \frac{\left( {1 - \frac{a}{b}} \right) \cdot y_{i}}{\left( {1 - 2k} \right) \cdot b^{4}} \cdot b^{3} + 3 \cdot \frac{- 2\left( {1 - \frac{a}{b}} \right)b \cdot y_{i}\left( {1 + k} \right)}{\left( {1 - 2k} \right) \cdot b^{4}} \cdot b^{2} + 2 \cdot \frac{6\left( {1 - \frac{a}{b}} \right)b \cdot y_{i} \cdot b^{2}k}{\left( {1 - 2k} \right) \cdot b^{4}} \cdot b} \right)} \\
{= - \frac{\left\lbrack {4 - 6\left( {k + 1} \right) + 12k} \right\rbrack \cdot \left( {1 - \frac{a}{b}} \right)y_{i}}{\left( {1 - 2k} \right)b}} \\
{= - \frac{4 - 6k - 6 + 12k}{\left( {1 - 2k} \right)b}\left( {1 - \frac{a}{b}} \right)y_{i}} \\
{= - \frac{- 2 + 6k}{\left( {1 - 2k} \right)b}\left( {1 - \frac{a}{b}} \right)y_{i} = \frac{2\left( {1 - 3k} \right)}{\left( {1 - 2k} \right)b}\left( {1 - \frac{a}{b}} \right)y_{i}} \\
\end{matrix}$$

By Substituting A--E into Eq. [(1)](#eq0005){ref-type="disp-formula"}, we have that$$\begin{matrix}
{y = \frac{\left( {1 - \frac{a}{b}} \right)y_{i}}{\left( {1 - 2k} \right)b^{4}}x^{4} + \frac{- 2\left( {1 - \frac{a}{b}} \right)b \cdot y_{i}\left( {1 + k} \right)}{\left( {1 - 2k} \right)b^{4}}x^{3} + \frac{6\left( {1 - \frac{a}{b}} \right) \cdot y_{i}b^{2}k}{\left( {1 - 2k} \right)b^{4}}x^{2} + \frac{2\left( {1 - 3k} \right)}{\left( {1 - 2k} \right)b}\left( {1 - \frac{a}{b}} \right)y_{i}x + \frac{a}{b}y_{i}} \\
{= \left\{ {\frac{\left( {1 - \frac{a}{b}} \right)x}{\left( {1 - 2k} \right)b}\left\lbrack {\frac{x^{3}}{b^{3}} - \frac{2\left( {1 + k} \right)}{b^{2}}x^{2} + \frac{6k}{b}x + 2\left( {1 - 3k} \right)} \right\rbrack + \frac{a}{b}} \right\} \cdot y_{i}} \\
\end{matrix}$$

Derivation of the transverse stresses {#sec0020}
-------------------------------------

Based on the above results, we get the second derivative of the Eq. [(16)](#eq0080){ref-type="disp-formula"}, that is$$\begin{matrix}
{\frac{d^{2}y}{dx^{2}} = \frac{12\left( {1 - \frac{a}{b}} \right)y_{i}}{\left( {1 - 2k} \right)b^{4}}x^{2} - \frac{12\left( {1 - \frac{a}{b}} \right) \cdot y_{i}\left( {1 + k} \right)}{\left( {1 - 2k} \right)b^{3}}x + \frac{12\left( {1 - \frac{a}{b}} \right) \cdot y_{i}k}{\left( {1 - 2k} \right)b^{2}}} \\
{= \frac{12\left( {1 - \frac{a}{b}} \right)}{\left( {1 - 2k} \right)b^{2}}\left( {\frac{x^{2}}{b^{2}} - \frac{1 + k}{b}x + k} \right)y_{i}} \\
\end{matrix}$$

Let that$$\sigma_{0} = \frac{P}{bt}$$

Based on the relationship between the curvature of the ILCs and the transverse stresses, we get that \[[@bib0010],[@bib0015]\]$$\begin{matrix}
{\sigma_{T}\left( x \right) = \int_{0}^{b/2}{\frac{d^{2}y}{dx^{2}}\sigma_{0}dy_{i}} = \frac{12\left( {1 - \frac{a}{b}} \right)P}{\left( {1 - 2k} \right) \cdot b^{2}tb}\left( {\frac{x^{2}}{b^{2}} - \frac{1 + k}{b}x + k} \right){\int_{0}^{b/2}{y_{i}dy_{i} \cdot \left( y^{2} \right|}}_{0}^{b}} \\
{= \frac{3\left( {1 - \frac{a}{b}} \right)P}{2\left( {1 - 2k} \right) \cdot b^{3}t}\left( {x^{2} - b\left( {1 + k} \right)x + kb^{2}} \right)} \\
\end{matrix}$$

Derivation of the splitting force and its location {#sec0025}
--------------------------------------------------

By integrating the transverse tensile stresses along the axis of the struts, the total transverse force below the axis of the struts can be determined by$$\begin{matrix}
{T_{b} = \int_{k \cdot b}^{b}{\sigma_{T}tdx}} \\
{= \int_{k \cdot b}^{b}\frac{3\left( {b - a} \right)P}{2\left( {1 - 2k} \right) \cdot b^{4}t}\left( {x^{2} - b\left( {1 + k} \right)x + k \cdot b^{2}} \right)tdx} \\
{= \frac{3\left( {b - a} \right)P}{2\left( {1 - 2k} \right) \cdot b^{4}}\left\lbrack {\frac{1}{3}\left( {b^{3} - k^{3}b^{3}} \right) - \frac{1}{2}b\left( {k + 1} \right)\left( {b^{2} - k^{2}b^{2}} \right) + kb^{2}\left( {b - kb} \right)} \right\rbrack} \\
{= \frac{3\left( {b - a} \right)P}{2\left( {1 - 2k} \right) \cdot b^{4}}\left\lbrack {\frac{1}{3}b^{3}\left( {1 - k^{3}} \right) - \frac{1}{2}b^{3}\left( {k + 1} \right)\left( {1 - k^{2}} \right) + kb^{3}\left( {1 - k} \right)} \right\rbrack} \\
{= \frac{3\left( {b - a} \right)P}{2\left( {1 - 2k} \right) \cdot b^{4}}\left\lbrack {\frac{1}{3}b^{3}\left( {1 - k} \right)\left( {1 + k + k^{2}} \right) - \frac{1}{2}b^{3}\left( {k + 1} \right)^{2}\left( {1 - k} \right) + kb^{3}\left( {1 - k} \right)} \right\rbrack} \\
{= \frac{3\left( {b - a} \right)P}{2\left( {1 - 2k} \right) \cdot b^{4}}\left\lbrack {b^{3}\left( {1 - k} \right)\left( {\frac{1 + k + k^{2}}{3} - \frac{\left( {k + 1} \right)^{2}}{2} + k} \right)} \right\rbrack} \\
{= - \frac{3\left( {b - a} \right)P}{2\left( {1 - 2k} \right) \cdot b^{4}}\left\lbrack \frac{\left( {1 - k} \right)^{3}b^{3}}{6} \right\rbrack} \\
\end{matrix}$$

The location of the splitting force *d~b~* can be expressed as follows:$$d_{b} = \frac{\int_{k \cdot b}^{b}{x\sigma_{T}tdx}}{\int_{k \cdot b}^{b}{\sigma_{T}tdx}}$$$$\begin{matrix}
{\int_{k \cdot b}^{b}{x\sigma_{T}tdx}} \\
{= \int_{k \cdot b}^{b}{x\frac{3\left( {b - a} \right)P}{2\left( {1 - 2k} \right) \cdot b^{4}t}}\left( {x^{2} - b\left( {1 + k} \right)x + k \cdot b^{2}} \right)tdx} \\
{= \frac{3\left( {b - a} \right)P}{2\left( {1 - 2k} \right) \cdot b^{4}}\int_{k \cdot b}^{b}\left\lbrack {x^{3} - b\left( {1 + k} \right)x^{2} + k \cdot b^{2}x} \right\rbrack dx} \\
{= \frac{3\left( {b - a} \right)P}{2\left( {1 - 2k} \right) \cdot b^{4}}\left\lbrack {\frac{1}{4}\left( {b^{4} - k^{4}b^{4}} \right) - \frac{1}{3}b\left( {1 + k} \right)\left( {b^{3} - k^{3}b^{3}} \right) + \frac{1}{2}kb^{2}\left( {b^{2} - k^{2}b^{2}} \right)} \right\rbrack} \\
{= \frac{3\left( {b - a} \right)P}{2\left( {1 - 2k} \right) \cdot b^{4}} \cdot \frac{b^{4}\left( {1 + k} \right)\left( {k - 1} \right)^{3}}{12} = \frac{\left( {b - a} \right)P\left( {1 + k} \right)\left( {k - 1} \right)^{3}}{8\left( {1 - 2k} \right)}} \\
\end{matrix}$$

By Substituting Eqs. [(19)](#eq0100){ref-type="disp-formula"} and [(21)](#eq0110){ref-type="disp-formula"} into Eq. [(20)](#eq0105){ref-type="disp-formula"}, then we can derive as:$$d_{b} = \frac{\int_{k \cdot b}^{b}{x\sigma_{T}tdx}}{\int_{k \cdot b}^{b}{\sigma_{T}tdx}} = \frac{\frac{\left( {b - a} \right)\left( {1 + k} \right)\left( {k - 1} \right)^{3}P}{8\left( {1 - 2k} \right)}}{- \frac{\left( {1 - k} \right)^{3}P}{4\left( {1 - 2k} \right)}\left( {1 - \frac{a}{b}} \right)} = \frac{b}{2}\left( {1 + k} \right)$$
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